The reaction of Na[Ru 3 H(CO) 11 ] with an excess of tricyclohexylphosphine in methanol afforded, depending on the reaction conditions, the tri-substituted clusters [Ru 3 (CO) 9 -(PCy 3 ) 3 ] (48e) and [Ru 3 H 2 (CO) 6 (PCy 3 ) 3 ] (44e), inaccessible hitherto.
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Ligand substitution reactions of dodecacarbonyltriruthenium with tertiary phosphines have been studied in great detail. 1 The thermal reaction of Ru 3 (CO) 12 with PR 3 (R = Ph, Et, Bu n , OPh) in general leads to the mono-, di-and tri-substituted derivatives [Ru 3 (CO) 11 For the directed synthesis of these substitution products, the trimethylamine oxide-induced carbonyl substitution, 3 the radical ion-initiated ligand substitution, 4 and the bis(triphenylphosphine)iminium salt-catalysed carbonyl substitution 5 have been developed. However, with sterically demanding phosphine ligands, the synthesis of the tri-substituted derivatives failed. Even a six-fold excess of tricyclohexylphosphine with [Ru 3 (CO) 12 ] in the presence of Na[Ph 2 CO] gave only the mono-and the di-substituted complexes, but no [Ru 3 (CO) 9 (PCy 3 ) 3 ].
4b
On the other hand, bulky phosphines containing cyclohexyl or tert-butyl substituents are known to allow unusual structures and unsaturated configurations for steric reasons.
6 Thus the electron-deficient triruthenium cluster [Ru 3 H 2 (CO) 5 dark red, air-stable, cube-like crystals which contain two water molecules of crystallisation (source: methanol). † The single crystal X-ray structure analysis ‡ of 1 ( Fig. 1 ) reveals a triruthenium framework with the three phosphine ligands occupying equatorial positions at the three ruthenium atoms. The molecule has a perfect C 3 symmetry. The nine carbonyl ligands are all terminal, six occupying the two axial positions of the Ru atoms, while the other three are alternating with the phosphine ligands in one of the two equatorial positions of each ruthenium atom. The Ru᎐CO (eq) distances of 1.876 (7) The single-crystal X-ray structure analysis ¶ of 2 ( Fig. 2) shows a Ru 3 skeleton bearing two µ 3 -hydrido caps, one on either side of the triangle. The three Ru᎐Ru bonds are bridged by three µ 2 -carbonyl ligands, being almost in the plane of the metal triangle. The three terminal carbonyl ligands as well as the three phosphine ligands are co-ordinated to the three Ru atoms, above and below the metal plane. Complex 2 is, to our knowledge, the only Ru 3 cluster known presenting an electron count of 44. (1)]. Owing to the high degree of unsaturation (4e with respect to the EAN rule) cluster 2 is expected to be a highly reactive species. A study on the reactivity of 2 towards CO and other simple molecules is in progress.
